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ABSTRACT

The U.S. Army Defense Ammunition Center (DAC), Validation Engineering
Division (SUMAC-DEV), was tasked by the Program Manager — Motor Transport,
Marine Corps Systems Command, to conduct transportability testing on the
Logistics Vehicle System Replacement (LVSR) manufactured by Oshkosh Truck
Corporation. The testing was conducted in accordance with TP-94-01, Revision

2, June 2004 “Transportability Testing Procedures.”

The objective of the testing was to validate the LVSR when transportability
tested in accordance with TP-94-01, Revision 2, June 2004.

The following observations resulted from the testing of LVSR:

1. Prior to the start of testing two (2) quarts of water were added to the
cooling system.

2. During testing the check fluids light came on and diagnostics showed
that the transfer case fluid was low. Two (2) quarts of fluid were added
to the transfer case using the onboard system.

3. During later testing, the check fluids light would illuminate and
diagnostics showed that the transfer case fluid was low. Once the
suspension was leveled and the vehicle warmed up the light would go
off.

4. When loading/unloading the M1077 flatrack and Container Roll-In/Out
Platform (CROP), the winch would catch on the flipper arms of the

front lift adaptor.



5. The rear slider pins were damaged during the unloading of the M1077
flatrack due to operator error.

6. The flatrack and CROP moved side-to-side at the rear of the LVSR
during the Hazard Course.

7. The flatrack and CROP moved fore/aft during the panic stops.

8. Final inspection revealed the following:

a. The flipper arm pins were bent.

b. The remote control box would not operate.

c. Throughout testing the vehicle leaked fluid from around the center
of the front bumper. (See Photo 26). The center console was
removed and the hoses and clamps were inspected. The blue
hose in the center console was wet with fluid. The hose clamp was
tightened and re-inspected with no additional leakage noted. Prior
to and upon completion of testing water was added to the coolant

system.

The LVSR, as currently designed, is adequate for the transport of the M1077 and
CROPs, on/off road when using web straps to secure the ammunition. The
LVSR, as currently designed, is adequate for the transport of M1077 flatracks, by
rail and on/off road, when using 2-inch steel banding to secure the ammunition
payload. The LVSR successfully completed transportability testing and is

approved for transport of ammunition.

Prepared by: Reviewed by:
w&dl-ﬁ——
% W/
PHILIP W. BARICKMAN JERRY W. BEAVER

Lead Validation Engineer Chief, Validation Engineering Division



U.S. ARMY DEFENSE AMMUNITION CENTER

VALIDATION ENGINEERING DIVISION
MCALESTER, OK 74501-9053

REPORT NO. 06-25
Transportability Testing of the Marine Corps

Logistics Vehicle System Replacement (LVSR)
TP-94-01, Revision 2, June 2004 “Transportability Testing Procedures”

TABLE OF CONTENTS
PART PAGE NO.
T INTRODRICTIEMN. i coun smnniiasnmin o niesiseds 5 555 55l § onsasos ks Asnsdciis dnsasiol 1-1
A: BAUKGRCIIND ... oommmmmsnmmmmmisnsssmssssmssmmssms b mssniesr msnrasmsmsmmsrs 1-1
L L T I ——— 1-1
b BRIEETINE s R T 1-1
D. OBSERVATIONS ..cosimmmanmssunimmmsnmsmosismsonssyimmmss b amsasss s 1-1
B CONGIL LTSI oo oo omimoossnsiiiss s s s s ianis s sasb i i sn s S aroainat 1-2
L I I~ 2-1
o TEST BEPMENT nsm s s smmimmemareie s s et 3-1
4 TESTPRUCEDIHED wons soammcs sniimisn sl i et anie v 4-1
R BBIL VB s s s s e s s e s e iiiss 4-1
SIE 6 e ol B S RS TES! A ———— 4-3
1. IHAZBRE COURBE - ..onmmmsmamsmamsm e s s s s 4-3
2. HOAD TRIPL conisrr s e b i S s e s s e 4-4
< I 200 T Ead O ] 2 S I S SRS SR —— 4-4
4. WASHBOARD COURSE ...ttt ee e 4-4
C. OCEAN-GOING VESSEL TEST. Shipboard Transportation Simulator . 4-4
B. TEST RESULTS .ciivsinimiinismsmmissiasmsssnsssssnssmisansmsssomhssa s sns snsassasivasnash 5-1
BT TESTING v v s it i o s s i A S S e e e e 5-1
A. ON/OFF ROAD TESTS —19 SEPTEMBER 2007........cccoceveeiiiiiiinnnn. 5-3
O L T — 5-3
e BRI s R T R R 5-4
8. PRNIC BT0PE s mmsmscomms syt s s s s s 5-4
4. HAZARD GCOLIRSE oo i i oo i st e 5-6
5. WASHBOARD COLIRSE.......cc..onsmumsinsssmmsnssssnssssb ssasnnassnissasssannnsssns 5-6
B. ON/OFF ROAD TESTS — 25 SEPTEMBER 2007 ........ccccouvvviiieiieeeinennns 5-7
1= HAZARD GULIRSE oot i ey 5-8
s B TR o o s R R R R T R 5-8

3 PANIG STOPS v sniin s omssss s s 5-9



C. ON/OFF ROAD TESTS —2 OCTOBER 2007 .........cccveevvieiieeeceen 5-10

1. HAZARD COUBREE o s smmmmonmnsmanmsaasnessinmisnssmmssss i s 5-11

g ] T ——— 5-11
L R I T — 5-12

D. ON/OFF ROAD TESTS — 10 OCTOBER 2007 ..........ccceeeeuvreeeeann.. 5-12
PP 1S B R L ————— 5-13
L | I 5-14

J. PANIG STUPS snsrumsm s i s e s 5-14

A, HAZARD COURSE oo i i s s st s asisnss 5-15

5. WASHBOARD COLIREE ... . o siusin cian s mamassin s ossmin s sy 5-15

E. ONET LIS o i s s s s s s 5-16
5.2 TESTING DATE —21 SEPTEMBER 2007 u: o wes cuom sns snsnussevsmsssss seisinnsoiss 5-17
A. ON/OFF ROAD TESTS........coiiiiiimiiiiiiesieeesiiesceeeeieesseeesesesesesesnneennns 517
T FIAEZRHIS COUREE oo o mmissmmmmssiesmaii 5-18
A T — 5-19
L E 5-19

2 FRZABIEN CONIEIOE . oot ot s ihos s a5 5-19

5 WASHBOARD CQURSE ... ... oo smmsssmisnisnssssrsmmn sims s wsss sesssss s 5-20

B CONCLRIBION. s gy s 5-20
= RN T T —————————— 5-21
A BAILTEST =18-28 QCTOBER OO . iwusissisnssss s s sussnisiss 5-21
B "GN BUBRE TEITS . comnmsmmnommmmssssshas oy o e 5-23
BT R DS A T —— 5-23

B FOALNTEIR o onmsmmmmim s i i s sms 5-24

i (L TR ] o ———— U 5-24

% FIRLARL COURSE: s s s st s 5-24

5. WASHBOARD COUBRSE...... s mmscs smessssmssissssmsins s 5-25

5 COBBERYBTTON s s ssamsa s s s 5-26
ERE a0 #HE ] T — 5-27



PART 1 — INTRODUCTION

A. BACKGROUND. The U.S. Army Defense Ammunition Center (DAC), Validation
Engineering Division (SJMAC-DEV), was tasked by the Program Manager — Motor
Transport, Marine Corps Systems Command, to conduct transportability testing on
the Logistics Vehicle System Replacement (LVSR) manufactured by Oshkosh
Truck Corporation. The testing was conducted in accordance with TP-94-01,
Revision 2, June 2004 “Transportability Testing Procedures.”

B. AUTHORITY. This test was conducted IAW mission responsibilities delegated
by the U.S. Army Joint Munitions Command (JMC), Rock Island, IL. Reference is
made to the following:

1. AR 740-1, 15 June 2001, Storage and Supply Activity Operation.
2. OSC-R, 10-23, Mission and Major Functions of U.S. Army Defense
Ammunition Center (DAC) 21 Nov 2000.

C. OBJECTIVE. The objective of the testing was to validate the LVSR when
transportability tested in accordance with TP-94-01, Revision 2, June 2004.

D. OBSERVATIONS. The following observations resulted from the testing of
LWPM:

1. Prior to the start of testing two (2) quarts of water were added to the cooling
system.

2. During testing the check fluids light came on and diagnostics showed that the
transfer case fluid was low. Two (2) quarts of fluid were added to the transfer case
using the onboard system.

3. During later testing, the check fluids light would illuminate and diagnostics
showed that the transfer case fluid was low. Once the suspension was leveled and

the vehicle warmed up, the light would go off.
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4. When loading/unloading the M1077 flatrack and Container Roll-in/Out
Platform (CROP), the winch would catch on the flipper arms of the front lift
adaptor.

5. The rear slider pins were damaged during the unloading of the M1077
flatrack due to operator error.

6. The flatrack and CROP moved side-to-side at the rear of the LVSR
during the Hazard Course.

7. The flatrack and CROP moved fore/aft during the panic stops.

8. Final inspection revealed the following:

a. The flipper arm pins were bent.

b. The remote control box would not operate.

c. Throughout testing the vehicle leaked fluid from around the center of
the front bumper. (See Photo 26). The center console was removed
and the hoses and clamps were inspected. The blue hose in the
center console was wet with fluid. The hose clamp was tightened and
re-inspected with no additional leakage noted. Prior to and upon

completion of testing, water was added to the coolant system.

E. CONCLUSIONS. The LVSR, as currently designed, is adequate for the
transport of the M1077 and CROPs, on/off road when using web straps to secure

the ammunition. The LVSR, as currently designed, is adequate for the transport of
M1077 flatracks, by rail and on/off road, when using 2-inch steel banding to secure
the ammunition payload. The LVSR successfully completed transportability testing

and is approved for transport of ammunition.
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PART 3 - TEST EQUIPMENT

Logistics Vehicle System Replacement (LVSR)
Model: MKR18 Truck, Cargo, LVSR

VIN: 10TKLAM167S094226

Manufactured by Oshkosh Truck Corporation
Contract No: M67854-06-D-5028

Date of Manufacture; 07/2007

Curb Weight: 53,650 pounds

Flatrack

Model Number: M1077

NSN: 3990-01-307-7676

Manufactured by Oshkosh Truck Corporation
Contract Number: DAAEO07-90-C-R035
Date of Manufacture: 01/1994

Curb Weight: 3,200 pounds

Flatrack

Model Number: M1077

NSN: 3990-01-307-7676

Manufactured by Oshkosh Truck Corporation
Contract Number: DAAEO07-90-C-R035
Date of Manufacture: 06/1993

Curb Weight: 3,200 pounds

. Container Roll-In/Out Platform (CROP)

Model Number: M3 Flatrack

NSN: 3990 01 447 2751

Manufactured by: Summa Technology Inc.
Contract Number: DAAEO07-96-C-X083
Tare Weight: 3,650 pounds
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PART 4 - TEST PROCEDURES

The test procedures outlined in this section were extracted from TP-94-01,
“Transportability Testing Procedures,” Revision 2, June 2004, for validating
tactical vehicles and outloading procedures used for shipping munitions by
tactical truck, railcar, and ocean-going vessel.

The rail impact will be conducted with the loaded intermodal container
secured directly to the railcar. Inert (non-explosive) items were used to build the
load. The test loads were prepared using the blocking and bracing procedures

proposed for use with munitions (see Part 6 — Drawings for procedures). The

weight and physical characteristics (weights, physical dimensions, center of

gravity, etc.) of the test loads were similar to live (explosive) ammunition.

A. RAIL TEST. RAIL IMPACT TEST METHOD. The test load or vehicle will be
secured to a flatcar. The equipment needed to perform the test will include the
specimen (hammer) car, four empty railroad cars connected together to serve as
the anvil, and a railroad locomotive. The anvil cars will be positioned on a level
section of track with air and hand brakes set and with draft gears compressed.
The locomotive unit will push the specimen car toward the anvil at a
predetermined speed, then disconnect from the specimen car approximately 50
yards away from the anvil cars allowing the specimen car to roll freely along the
track until it strikes the anvil. This will constitute an impact. Impacting will be
accomplished at speeds of 4, 6, and 8.1 mph in one direction and at a speed of
8.1 mph in the reverse direction. The tolerance for the speeds is plus 0.5 mph,
minus 0.5 mph for the 4 mph and 6 mph impacts, and plus 0.5 mph, minus 0 mph
for the 8.1 mph impacts. The impact speeds will be determined by using an
electronic counter to measure the time for the specimen car to traverse an

11-foot distance immediately prior to contact with the anvil cars (see Figure 1).
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B. ON/OFF ROAD TEST.

1. HAZARD COURSE. The test load or vehicle will be transported over the
200-foot-long segment of concrete-paved road consisting of two series of railroad

ties projecting 6 inches above the level of the road surface. The hazard course

will be traversed two times (see Figure 2).

8 ft. CENTER SPACING

L

'x 9" TIE, 6'- 0" LONG

CONCRETE SURFACE

TYP. TIE HOLDER

Figure 2. Hazard Course Sketch

a. The first series of 6 ties are spaced on 10-foot centers and alternately
positioned on opposite sides of the road centerline for a distance of 50 feet.
b. Following the first series of ties, a paved roadway of 75 feet separates

the first and second series of railroad ties.
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c. The second series of 7 ties are spaced on 8-foot centers and
alternately positioned on opposite sides of the road centerline for a distance of 48
feet.

d. The test load is driven across the hazard course at speeds that will
produce the most violent vertical and side-to-side rolling reaction obtainable in

traversing the hazard course (approximately 5 mph).

2. ROAD TRIP. The test load or vehicle will be transported for a distance
of 30 miles over a combination of roads surfaced with gravel, concrete, and
asphalt. The test route will include curves, corners, railroad crossings and stops
and starts. The test load or vehicle will travel at the maximum speed for the

particular road being traversed, except as limited by legal restrictions.

3. PANIC STOPS. During the road trip, the test load or vehicle will be

subjected to three (3) full airbrake stops while traveling in the forward direction

and one in the reverse direction while traveling down a 7 percent grade. The first
three stops are at 5, 10, and 15 mph while the stop in the reverse direction is
approximately 5 mph. This testing will not be required if the Rail Impact Test is

performed.

4. WASHBOARD COURSE. The test load or vehicle will be driven over

the washboard course at a speed that produces the most violent response in the

vertical direction.

C. OCEAN-GOING VESSEL TEST. Shipboard Transportation Simulator
(Test Method 5). The Shipboard Transportation Simulator (STS) is used for

testing loads in 8-foot-wide by 20-foot-long intermodal freight containers. The

specimen shall be positioned onto the STS and securely locked in place using
the cam lock at each corner. Using the procedure detailed in the operating
instructions, the STS shall begin oscillating at an angle of 30 degrees, plus or

minus 2 degrees, either side of vertical center and a frequency of 2 cycles-per-
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minute (30 seconds, plus or minus 2 seconds) for a duration of two (2) hours.
This frequency shall be observed for apparent defects that could cause a safety
hazard. The frequency of oscillation shall then be increased to 4 cycles-per-
minute (15 seconds, plus or minus one second per cycle) and the apparatus
operated for two (2) hours. [f an inspection of the load does not indicate an
impending failure, the frequency of oscillation shall be further increased to 5
cycles-per-minute (12 seconds, plus or minus one second per cycle), and the
apparatus operated for four (4) hours. The operation does not necessarily have
to be continuous; however, no changes or adjustments to the load or load
restraints shall be permitted at any time during the test. After once being set in
place, the test load (specimen) shall not be removed from the apparatus until the

test has been completed or is terminated.

/ CONCRETE SURFACE
f 26.5" i { 27

I
b
[
e )

TYPICAL SECTION

Figure 3. Washboard Course Sketch
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PART 5 - TEST RESULTS

5.1

Test Specimen: Logistics Vehicle System Replacement (LVSR)

Payload: M1077 Flatrack Loaded with 120MM Cartridges

Gross Weight: 81, 240 pounds (Including vehicle, ammunition and dunnage).
Payload Weight: 28,220 pounds

Notes:

1. Prior to the start of testing, two (2) quarts of water were added to the
cooling system.

2. Prior to the start of testing, the “check fluids” light came on and
diagnostics showed that the transfer case fluid was low. One (1) quart of
fluid was added to the transfer case using the onboard system. Excessive
caulk had to be removed in order to properly identify the transfer hoses.

Once the caulk was removed, the fluid was added to the transfer case.

.-

Photo 1. Obscured Markings

3. When loading/unloading the flatrack, the winch hook would catch on the

flipper arms of the front lift adaptor (FLA). A strap was added to hold the

flipper arms back.
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Photo 3. Strap Holding Flipper Arms

4. During the reverse Panic Stops, the payload moved excessively and the
rear pallet posts were damaged and web straps failed when secured in
accordance with AMC Drawing 19-48 4903. Different strapping

configurations were follow-on tested, and the strapping configuration used on



10/10/2007 was minimally adequate to properly restrain the ammunition
payload. See Photos 5 and 10 for ammunition movement and Photos 6, 11,

and 14 for strap failures and pallet damage.

A. ON/OFF ROAD TESTS. Testing Date: 19 September 2007

1. HAZARD COURSE.

Photo 4. Hazard Course Testing of the LVSR

Pass No. ] Elapsed Time | Avg. Velocity (mph
1 §264Secondsf 53 |
|2 J§264Secondsf 53 |

Figure 4.

Remarks:
1. Figure 4 lists the average speeds of the test load through the Hazard Course.

2. Inspection following each pass did not reveal any damage to the payload,
flatrack, or LVSR.
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2. ROAD TRIP:

Remarks:

1. The Road Trip was commenced following the Road Hazard Course

Pass #2.

2. The Road Trip was not continued after the reverse 5 MPH Panic Stop due to

excessive moment of the payload and pallet damage.

3. PANIC STOPS:

Remarks:

1. The Panic Stops were conducted during the Road Trip.

2. Prior to the start of the Panic Stops, the “check fluids” light came on and
diagnostics showed that the transfer case fluid was low. One (1) quart of fluid
was added to the transfer case using the onboard system. Also the “check
filters” light came on prior to adding the fluid to the transfer case. Once the
vehicle was restarted, the “check filters” light was no longer illuminated.

3. Following the forward 5 MPH Panic Stop, the flatrack moved in the direction of
the stop 1-inch.

4. Following the reverse 5 MPH Panic Stop, the load shifted in the direction of
the stop 9-inches. The pallet posts were damaged during the reverse Panic
Stop. See Photo 5 for payload movement and Photo 6 for pallet post damage.
5. Official testing was stopped due to excessive movement of the payload and

pallet damage.
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Photo 6. Pallet Post Damage.

6. An additional forward Panic Stop was conducted and the straps were

retightened.
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4. HAZARD COURSE.

Note: Hazard Course testing was continued and conducted for evaluation

purposes only.

Elapsed Time Avg. Velocity
mph

|3 _J260Secondsf 54 |
4 _J259Secondsf 54

Figure 5.

Remarks:

1. Figure 5 lists the average speeds of the test load through the Hazard Course.
2. Inspection following the completion of Pass #3 revealed that the flatrack had
moved back 1-inch.

3. The flatrack moved side-to-side at the rear of the LVSR 1-inch.

4. WASHBOARD COURSE:

Remarks:

1. Inspection following the completion of the Washboard Course did not reveal
any damage to the payload, flatrack, or LVSR. Inspection did reveal that the
flatrack had moved forward 1-inch.

2. The rear slider pins were damaged during the unloading operation due to

operator error.
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Photo 7. Washboard Course Testing of the LVSR.

. ON/OFF ROAD TESTS.

Testing Date: 25 September 2007

Note: The rear pallets of the test load were turned at 90 degrees from the

previous tested orientation and strapped. See Photo 8.

Photo 8. Rotated Rear Pallets
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1. HAZARD COURSE.

Photo 9. Hazard Course Testing of the LVSR

Pass No. | Elapsed Time | Avg. Velocity (mph
1 J§256Seconds] 54 |
2 J§26.2Seconds] 53 |

Figure 6.

Remarks:

1. Figure 6 lists the average speeds of the test load through the Hazard Course.
2. Inspection following each pass did not reveal any damage to the payload,
flatrack, or LVSR.

3. The M1077 flatrack moved side-to-side at the rear of the LVSR vehicle up to
1-inch during Passes #1 & #2.

2. ROAD TRIP:
Remarks:
1. The Road Trip was commenced following Road Hazard Course Pass #2.
2. The Road Trip was not continued after the reverse 5 MPH Panic Stop due to

excessive moment of the payload and pallet damage.
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3. PANIC STOPS:

Remarks:

1. The Panic Stops were conducted during the Road Trip.

2. Following the reverse 5 MPH Panic Stop, the load shifted in the direction of
the stop 10.5-inches and sheared the bottom strap. The rear pallet posts
fatigued. See Photo 10 for payload movement and Photo 11 for sheared bottom
strap.

3. Testing was stopped due to the excessive movement of the payload and the

pallet damage.

Photo 10. Movement of Payload from Front Wall.
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Photo 11. Sheared Bottom Strap.

C. ON/OFF ROAD TESTS.

Testing Date: 2 October 2007

Note: The rear pallets of the test load were turned back to the original starting

position and secured using two straps. See Photo 12.

Photo 12. Rear Pallet Bases Secured Using 2-Straps.

5-10



